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AIM
To measure the incidence and determinants (predictors) of hypoglycemia among patients with type 2 diabetes mellitus (T2DM) who were on insulin treatment for at least one year.
METHODS
The present study is an out-patients based inquiry about the risk and predictors of hypoglycemia among patients with T2DM seeking care at the Al-Faiha Specialized Diabetes, Endocrine, and Metabolism Center, in Basrah over a period of 7 mo (from 15 th of April, 2013 to 15 th of October, 2013). The data used in the study were based on all detailed interview and selected laboratory investigations. A total of 336 patients could be included in the study.
RESULTS
The incidence of overall hypoglycemia among the studied patients was 75.3% within the last 3 mo preceding the interview. The incidence of hypoglycemia subtypes were 10.2% for severe hypoglycemia requiring medical assistance in the hospital, 44.36% for severe hypoglycemia treated at home by family; this includes both confirmed severe hypoglycemia with an incidence rate of 14.6% and unconfirmed severe hypoglycemia for which incidence rate was 29.76%. Regarding mild self-treated hypoglycemia, the incidence of confirmed mild hypoglycemia was 21.42%, for unconfirmed mild
INTRODUCTION
Hypoglycemia is very frequent and serious complication of insulin therapy, especially in those with intensive treatment and unawareness of hypoglycemia is a very dangerous situation that complicated the problem more [1] . Severe hypoglycemia is defined to be an episode of hypoglycemia in which a patient requires help from another people. Thus, patients who are more compliant or precise in using their medication to lower their glucose levels are at greatest risk of hypoglycemia and its sequels [2, 3] . Confirmed symptomatic hypoglycemia is an event during which classic symptoms of hypoglycemia was confirmed simultaneously by measured plasma glucose concentration < 70 mg/dL (3.9 mmol/L) [3] . Asymptomatic hypoglycemia is an attack not accompanied by classic symptoms of hypoglycemia but with a measured plasma glucose concentration < 70 mg/dL (3.9 mmol/L). Further more, probable symptomatic hypoglycemia is defined as symptoms of hypoglycemia that not proven by measuring simultaneous plasma glucose and assumed to be due to a plasma glucose concentration < 70 mg/dL (3.9 mmol/L).
It's well known that people with diabetes most of the times treat symptoms of hypoglycemia with the diet without measuring their plasma glucose at the same time. That why these episodes can be considered as probable hypoglycemia. These unconfirmed hypo glycemic episodes reported by the patients may affect the results of studies intended to evaluate the drugs that affect plasma glucose, but they should be declared by any mean as selfreported hypoglycemic episodes that are not confirmed.
Finlay, we have to define relative hypoglycemia. These symptoms of hypoglycemia reported by patients with diabetes but associated with simultaneously measured plasma glucose concentration > 70 mg/dL (3.9 mmol/L).
This last group of hypoglycemic episodes is seen more in those with longstanding diabetes with poor control. They per say may not be harmful, and they are no suitable outcome measures in clinical studies needed to evaluate drug therapy in diabetes, but again have to be reported though the symptoms happen with plasma glucose levels > 70 mg/dL (3.9 mmol/L).
In this study, we assess the frequency of hypo glycemia among insulintreated patients with type 2 diabetes mellitus (T2DM) who were on insulin for at least one year.
MATERIALS AND METHODS
Study design
The study is a crosssectional study investigating retro spectively the experience of hypoglycemia among patients with type T2DM receiving insulin for at least one year preceding the time of study who attended Al Faiha Specialized Diabetes, Endocrine, and Metabolism Center (FDEMC). The study extended in the data collection phase over five month period from 15 th of April to 15 th of October 2013.
Sampling methods and sample size
A total of 336 patients were enrolled in the study. Data were collected through direct interview with the patients after ensuring their verbal agreement to take part in the study. On average 56 patients could be fully interviewed each working day.
Inclusion criteria
All patients with T2DM (no age limit) including men and nonpregnant women receiving insulin for at least one year proceeding the time of study who attended FDEMC. Informed verbal consent was taken from all patients, and the ethical committee of Basrah College of Medicine approved the study.
Questionnaire and data collection
A special questionnaire form was prepared for the purpose of data collection for this study. Information on hypoglycemic attacks, including whe ther the patient had hypoglycemic attacks during the preceding three before the interview, type of hypoglycemic attack and timing during the day, events precipitating hypoglycemia, whether selfmonitoring blood glucose (SMBG) device was available and the frequency of its use, did hypoglycemic attack was confirmed by SMBG or by venous blood and what was the blood glucose level, awareness of the patient for hypoglycemia.
History of other comorbidities such as hypertension (HTN), ischemic heart disease (IHD), cerebrovascular accidents (CVA), amputation, chronic kidney disease (CKD), diabetic foot, and peripheral neuropathy (PNP).
The use of insulin by another family member at home or outside the home and whether the patient takes other concomitant medications with the insulin. Measurement of height and weight to obtain a body mass index (BMI) (done by a nurse on the day of the visit). Investigations were done in the laboratory of FDEMC on the day of the visit, and these include measurement of glycated hemoglobin (HbA1C), serum creatinine, and urine for albumin.
Definition of variables
Details related to hypoglycemia: Respondent's knowledge of hypoglycemia symptoms was grouped into yes or no. An incident of hypoglycemia, the respondent was asked if he or she developed, at least, one episode of hypoglycemia during the last 3 mo; this includes asking about the symptoms of hypoglycemia, and the answer was grouped into yes or no.
Type of hypoglycemia:
By adopting the ADA definition of hypoglycemia [3, 4] , it was classified into: (1) severe need third party help in the hospital by a doctor; severe need second party help at home by family. Severe hypoglycemia also subdivided into confirmed severe hypoglycemia, and unconfirmed severe hypoglycemia; and (2) mild selftreated hypoglycemia was also subdivided into confirmed mild hypoglycemia and uncon firmed mild hypoglycemia. Confirmation of hypogly cemia (what was blood glucose level at the time of the attack?) was grouped into: By SMBG, by venous blood or not (hypoglycemia not confirmed). Awareness of hypoglycemia was grouped into yes or no [1] . Most of the patients (75.6%) injected themselves insulin and needed no external support, about vision; 81% of patients reported good vision, 87.8% were mobile alone without assistance. The majority of patients (66.1%) received insulin from more than one source. Re garding knowledge of hypoglycemia symptoms; 95.2% reported that they knew hypoglycemia symptoms. Table 1 shows the incidence (%) of hypoglycemia (total and subtypes) in the last 3 mo as reported by the patients. The majority of patients (75.3%) had hypoglycemia in the preceding 3 mo. The incidence of hypoglycemia subtypes was 10.2% for severe hypo glycemia requiring medical assistance in the hospital, 44.36% for severe hypoglycemia treated at home by family; this includes both confirmed severe hypoglycemia with an incidence rate of 14.6% and unconfirmed severe hypoglycemia for which incidence rate was 29.76%.
Statistical analysis
Regarding mild selftreated hypoglycemia, the in cidence of confirmed mild hypoglycemia was 21.42%, for unconfirmed mild hypoglycemia the incidence rate was 50.0% and for total mild hypoglycemia, the incidence rate was 71.42%.
More than half of the patients who had experienced hypoglycemia during the preceding 3 mo (57.6%) had developed both nocturnal and daytime hypoglycemia.
The most common causes of hypoglycemia are factors related to a meal including missed meal, delayed meal or eating a less amount of food, and the majority of the patients are aware of hypoglycemia symptoms in the preceding 3 mo.
Determinants of hypoglycemia during the preceding 3 mo
In Table 2 , although a higher percentage of hypogly cemia was reported in the younger age group 2939 year and among females; there is no significant asso ciation between age and gender with experience of hypoglycemia during the preceding 3 mo; P > 0.05. There is a highly significant association with the education of respondents; P = 0.016 with the highest percentage in those who had completed primary schooling. There is no significant association between marital status and residence with experience of hypoglycemia during the preceding 3 mo (P > 0.05). Table 3 shows there is no significant association of DM family history, duration of DM and duration of insulin treatment with experience of hypoglycemia during last 3 mo; P > 0.05. No significant association between type of insulin and experience of hypoglycemia during the preceding 3 mo (P > 0.05); while there is a highly significant association between the frequency of insulin administration per day and total dose of insulin per day with hypoglycemia in the last 3 mo (P < 0.05).
In Table 4 , there is no significant association between dose of regular, premix and Neutral Protamine Hagedorn (NPH) insulin and experience of hypoglycemia during last 3 mo ( P > 0.05). There is no significant association between family support, vision, mobility and source of medications with experience of hypoglycemia during the preceding 3 mo; P > 0.05. While there was a significant association between knowledge of hypoglycemia sym ptoms and experience of hypoglycemia (P < 0.05). Table 5 shows there is no significant association regarding availability and frequency of SMBG with experience of hypoglycemia during last 3 mo (P > 0.05).
Also, there is no significant association between HTN, CVA, CKD, amputation and diabetic foot with experience of hypoglycemia during the preceding 3 mo (P > 0.05), but a significant association does exist between IHD and PNP with experience of hypoglycemia during the preceding 3 mo (P < 0.05).
There is no significant association between insulin use by other family members, concomitant use of other medication and type of medication with experience of hypoglycemia during the preceding 3 mo (P > 0.05). Table 6 shows that there is no significant association between BMI; systolic blood pressure; diastolic blood pressure; HbA1c; serum creatinine; urine for albumin with experience of hypoglycemia during last 3 mo (P > 0.05).
Logistic regression analysis
To overcome some of the interaction and confounding effects of the various predictors used in this study; a logistic regression analysis was done. Experience of hypo glycemia in the last 3 mo was used as the dependent outcome variable, only peripheral residence, knowledge of hypoglycemia symptoms, availability and increasing frequency of SMBG, presence of PNP, higher diastolic blood pressure, and lower HbA1c were significant and independent predictors. All other studied variables were not predictors (Table 7) .
DISCUSSION
The results of this study showed that most of the studied patients had experienced at least one episode of hypo glycemia during the last 3 mo (75.3%). The reported risk of hypoglycemia in this study is higher than the 43.3% that was reported by Fritsche et al [5] , 45% by Donnelly et al [6] and the 64% by Henderson et al [7] . Although it is agreed that patients remember major events such as major hypoglycemia requiring second party help by medical personnel or by family easier than minor selftreated events; in the present study patients seemed to recall both minor and major hypoglycemic episodes including those hypoglycemic episodes which were treated in hospital or at home by family; this can be explained by the fact that hypoglycemic events including minor ones cause stress, anxiety and other sympathoadrenal symptoms that can be remembered even if it happened several mo ago especially if they are frequent [8, 9] . Incidence rates of hypoglycemia subtypes (severe and mild) in the present study were generally higher than that reported in other studies. By Donnelly et al [6] the incidence of severe hypoglycemia requiring assistance was 3%, by Henderson et al [7] it was 15% and by United Kingdom Hypoglycemia Study Group it was 7% (in cidence of mild hypoglycemia 51%) [10] . This excess in incidence may be due to poor adherence to the pre scribed treatment regimens, fluctuation in the timing of meals and insulin doses, low education, presence of other diabetes complications especially diabetic nephropathy and autonomic neuropathy. Some patients who experienced minor hypoglycemia may receive unnecessary help from their relatives or unnecessary treatment in the emergency room; this could have lead to overestimation of severe hypoglycemia.
The incidence of severe hypoglycemia treated at home by the family and was confirmed by blood glucose measurement was lower than the incidence of severe unconfirmed hypoglycemia (14.6% vs 29.76%) and the same thing for mild selftreated hypoglycemia (incidence of confirmed hypoglycemia was 21.42% vs 50.0% for mild unconfirmed ones), this might be due to many patients choose to treat hypoglycemia without measuring blood glucose by SMBG or it is unavailable or not functioning; this is called (probable symptomatic hypoglycemia). Besides, patients with poor glycemic control and persistently high blood sugar levels could ex perience hypoglycemia at blood glucose level > 70 mg/dL (3.9 mmol/L), this is called (relative hypoglycemia) [5] . By the present study it was found that factors related to meal (missed meal, delayed meal and eating less amount of food in meals) were the most common precipitating factors of hypoglycemic events, this is agreed with what is known by most literatures [2, 8, 9, 11] . Nocturnal hypoglycemia is a dangerous problem in patients with T2DM on insulin, if it is severe enough; it may lead to death or serious neurological impairment, it occurs in about two thirds of the studied patients. Eating less amount of food in dinner and use of bed time inter mediate acting NPH human insulin may contribute to nocturnal hypoglycemia [2, 8, 12] . Hypoglycemia unawareness occurs in a minority of the studied patients who report episodes of severe hypoglycemia that necessitate medical management in hospitals. Long standing T2DM and recurrent hypo glycemic episodes are possible risk factors [1] . These results agreed with those study of Akram et al [13] . No relation was found in the present study of hypo glycemia to age. The same findings were obtained by Davis et al [14] , while contradictory results were reported in other studies that concluded aging as an important risk factor of hypoglycemia [1518] . This may be due to that elderly people constitute a small proportion of the studied patients (only 6.5%).
Although in our study females predominates males; no association was found between gender and hypoglycemia, several recent studies support our findings [14, 19, 20] . There is a significant association between hypo glycemia and level of education at the level of univariate analysis (P < 0.05) but this association has disappeared at the level of logistic regression. Hypoglycemia is more prevalent among illiterate patients or those with lower than secondary school qualification. Low educa tional attainment may mean less understanding and carelessness regarding the dangerous complications of hypoglycemia and the importance of adherence to the treatment plan and those patients may be unable to adjust insulin doses according to their daily activities or meals. These results did agree with results found by ACCORD [21] . There was no significant association between marital status and hypoglycemia in our study, a result that agrees with what was found by Bruce et al [22] but contradicts the results of Akram et al [13] in that being married is a risk factor for hypoglycemia. Although there is no significant association between residence and hypoglycemia at univariate analysis; a strong negative association does exist at the level of mul tivariate analysis (P < 0.05) which implies that patient from periphery of Basrah (outside the major city of Basrah) experienced hypoglycemia more than patients from Basrah city, this could be explained partially by difficult access to these patients to FDEMC according to their appointments to adjust their insulin regimens and partly because patients living in rural areas may have relatively low education than those living in Basrah city which is found to be significantly associated with hypoglycemia in our study and others [21, 23] .
No relationship was found in our study between duration of DM and hypoglycemia, the same is found by some studies [14, 19, 22] . But not in ACCORD [21] which is a large randomized controlled trial that followup large number of patients for several years most of them were elderly and have longer duration of diabetes and Akram et al [13] who found that the risk of hypoglycemia increased progressively when the duration of diabetes was more than 16 years and United Kingdom Hypoglycemia Study Group [10] who found that risk of hypoglycemia in insulin treated patients increased after 5 years of therapy. The present study is a cross sectional one that investigated retrospectively the experience of hypoglycemia among diabetic patients in the last 3 and 12 mo and more than half of them were diagnosed with diabetes for less than 10 years. Thus the duration of diabetes in the studied patients is relatively short and could not allow the effect of duration to be identified. In addition, no significant association between types of insulins studied [regular human, premix human (70: 30) and NPH] with hypoglycemia. The risk of hypoglycemia is seems to be similar with these types. Akram et al [13] and
Miller et al [24] found that the relationship between type of insulin and risk of severe hypoglycemia is inconsistent.
There is a significant association between the fre quency of insulin administration per a day with the experience of hypoglycemia in the preceding 3 mo, which is an established fact in insulin therapy [25] .
There is a significant association between presence of IHD and hypoglycemia at the level of univariate analysis (P < 0.05) but this association has disappeared at the level of logistic regression. IHD as a part of macrovascular complications of DM is found to be a significant predictor of hypoglycemia [26] .
Hypoglycemia in the last 3 mo
Total (n ) P value Yes n (% )
No n (% ) Table 5 Relation of hypoglycemia during the last 3 mo with availability, frequency of selfmonitoring of blood glucose, common co-morbidities, and concomitant medication use (other than OHD) SMBG: Self-monitoring of blood glucose; HTN: Hypertension; IHD: Ischemic heart diseases; CVA: Cerebrovascular accidents; CKD: Chronic kidney disease; PNP: Peripheral neuropathy.
Furthermore a significant association between the presence of PNP and risk of hypoglycemia (P < 0.05) both at the level of univariate and logistic regression analyses was found. PNP may reflect advanced diabetes and its associated microvascular complications, e.g., autonomic neuropathy. This result agrees with what was found by Miller et al [27] . No relation was found between family/social support, vision and mobility with risk of hypoglycemia. These factors were not applied as risk factors in the previously mentioned large randomized controlled trials UKPDS [28] , ACCORD [21] , VADT [29] , United Kingdom Hypoglycemia Study Group [10] . We explored their effect as indicators of severity of diabetes and thus we assumed a patient who needed support and restricted vision and mobility was likely to develop hypoglycemia.
At the level of univariate analysis there is a significant relationship between knowledge of hypoglycemia sym ptoms and hypoglycemia (P < 0.05), while at the level of logistic regression also there is a strong positive association with knowledge of hypoglycemia symptoms (P < 0.05), i.e., the more knowledge of hypoglycemic symptoms the more hypoglycemia was reported. Although most patients who experience hypoglycemia have prior knowledge of hypoglycemia symptoms; this knowledge did not protect them from hypoglycemia and this may be due to low education, poor understanding of the importance of adjusting insulin dose and time of injection according to daily activities or the amount and time of meals. Also it may indicate that health education is inadequate, medical practitioners should spent more effort to teach their patients about signs, symptoms, and proper treatment of hypoglycemia, as well has how to prevent it [30] . There is no significant relationship between availa bility and frequency of SMBG with risk of hypoglycemia; while at the level of logistic regression analysis we found that the availability of SMBG per se decreases the risk of hypoglycemia (P < 0.05) and frequent use of SMBG associated with more hypoglycemia. Frequent use of SMBG does not protect patients from hypoglycemia nor predict it but probably remind the patient with signals of hypoglycemia, or this may be due to bad storage conditions of the device and strips, high temperature and humidity, absence of hand washing prior to testing. Anyhow, our result agrees with a number of other studies [3133] . No significant association was found between CVA and amputation with risk of hypoglycemia, same findings Table 6 Relation of hypoglycemia during the last 3 mo with body mass index, systolic blood pressure; diastolic blood pressure; hemoglobin A1c; serum creatinine; urine for albumin 1 BMI had not been measured for one patient due to bilateral lower limb amputation; 2, 3 Unequal numbers because some of the patients did not complete their investigations. BMI: Body mass index; HbA1c: Hemoglobin A1c.
obtained by other studies in that there is no significant association between macrovascular complications of diabetes including CVA and amputation with risk of hypoglycemia [13, 19] . Also no significant association was found between diabetic foot and risk of hypoglycemia, this agree with what is found by other studies which suppose that no significant association between microvascular compli cations of diabetes and risk of hypoglycemia [14] . Although it is agreed that in advanced kidney dis eases, insulin excretion from kidneys will decrease and thus the risk of hypoglycemia will increase [14, 27] . No signi ficant association was found between, CKD and risk of hypoglycemia, this looks similar to what is found by other studies [19, 24] . There was no significant association between BMI and hypoglycemia, similar results were found by other studies [14, 19, 24] . No significant association was found between systolic and diastolic blood pressure and risk of hypoglycemia at level of univariate analysis but there is a significant positive association between diastolic blood pressure and risk of hypoglycemia at the level of logistic regression (P < 0.05), i.e., as the diastolic blood pressure increase; the risk of hypoglycemia will increase too. Similar results were found by other studies [34] . This association may be related to antihypertensive drugs those patients use, namely the ACE inhibitors, which are suggested to be a risk factor for hypoglycemia [35] . Although no significant association was found bet ween HbA1c and hypoglycemia at the level of univariate analysis; there was a strong negative association, i.e., the lower the HbA1c; the more the risk of hypoglycemia, this is consistent with what is found by several large studies [21, 28] . In that intensive glycemic control and HbA1c goal < 7 is associated with increased risk of hypoglycemia (both major and minor).
Taking the results as a whole, particularly the logistic regression analysis, the only residence (rural), knowledge of hypoglycemia symptoms, availability and increasing frequency of SMBG, the presence of the PNP, high dia stolic blood pressure and low HbA1c were significant and independent predictors of hypoglycemia. All other studied variables were not predictors.
Limitations of the study
Although every patient entering this center (FDEMC) on the day of the interview was checked to see if he or she met the inclusion criteria; selection bias cannot be excluded. Another limitation is that a small proportion of patients did not complete their investigations regarding fasting glucose (12.5%), random glucose (12.3%), serum creatinine (6.5%), urine for albumin (7.1%) mea surement.
In conclusion, hypoglycemia is very common among insulin treated patients with T2DM Basrah. It was possible to identify a number of important predictors of hypoglycemia.
ACKNOWLEDGMENTS
The authors were grateful to patients who contributed to this study and all the staff of FDEMC for their hard work.
COMMENTS
Background
Hypoglycemia is one the important barrier for initiating and continuing insulin therapy in type 2 diabetes (T2DM) for patients and doctors. Overcoming this barrier will be fundamental to start insulin at earlier stage.
Research frontiers
Basrah is one the largest city in Iraq. Data on the hypoglycemia frequency is lacking in Iraq and this city. This study will start to give baseline hypoglycemia frequency in insulin treated patients with T2DM.
Innovations and breakthroughs
This study showed that some form of hypoglycemia accord in more than three quarter of patients with T2DM treated with insulin. The important predictors of hypoglycemia were residence (rural), knowledge of hypoglycemia symptoms, availability and increasing frequency of self-monitoring blood glucose, the presence of the peripheral neuropathy, high diastolic blood pressure and low hemoglobin A1c (HbA1c).
Applications
This study provided for the first time data on the frequency of hypoglycemia for the first time in Basrah (Southern Iraq), which seems to be very common.
Terminology
Hypoglycemia is state of low blood glucose that ranges from mild that can be 
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